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Uncommon lessons: Shell-and-tube 
heat exchangers—Part 1 


Shell-and-tube heat —_ exchangers 
(STHEs) are the most common heat 
transfer process equipment in all types 
of industrial plants. Due to the variety of 
available construction options, an STHE 
can be suitably designed for most process- 
es and design conditions and can be con- 
structed from different materials or com- 
bination of materials. STHEs are typically 
manufactured in accordance with inter- 
national or national codes or standards, 
with the American Society of Mechanical 
Engineers (ASME) Code’ being the most 
popular, along with associated Tubular 
Exchangers Manufacturers Association 
(TEMA)? and American Petroleum Insti- 
tute (API) Standard 660° requirements. 

According to the ASME Code, an 
STHE is a multi-chamber vessel, with two 
chambers for most constructions that are 
commonly addressed as shell-side and 
tube-side or channel-side. In an STHE, 
the tubesheet, tubes, floating head (if 
applicable) and internal expansion bel- 
low (if applicable) are the common ele- 
ments. Depending upon process needs, 
the STHE may have a variety of external 
and internal components, such as cylin- 
ders, concentric and/or eccentric cones, 
dished heads, thick or thin expansion 
bellows, tubes (straight, u-tube, low fin, 
twisted, etc.), girth flanges, tubesheets, 
bolted covers, nozzles, multi-purpose 
nozzles, baffles, tie-rods, impingement 
rods, sealing strips, sliding strips, bundle 
pulling eye bolts, saddle support, lug sup- 
port and skirt support (for large and long 
exchangers). FIG. 1 illustrates a floating 
head type heat exchanger and its major 
parts/components. 

Apart from designing components to 
comply with applicable pressure and coin- 


cident temperature conditions and evalu- 
ating thicknesses or stresses in different 
components, there are specific require- 
ments in the ASME Code, TEMA Stan- 
dard and the API Standard 660 that are of- 
ten not complied with in design and early 
fabrication stages. Based on the authors’ 
opinion, failure to identify these during 
design reviews leads to costs that must be 
corrected at later stages in fabrication. 

This article focuses on specific types of 
lessons and design limitations that none 
of the commercial design programs (soft- 
ware, Excel spreadsheets, etc.) will iden- 
tify with their “help” menus or warnings. 
Merely checking drawings with respect 
to design calculations is insufficient to 
ensure thorough compliance and reliable 
product design that will operate (ther- 
mally and mechanically) as intended. 

The authors’ purpose is to shed light on 
those uncommon but valuable lessons that 
are not discussed in reference manuals or 
design guides. These lessons will be help- 
ful in engineering and design activities. 


Channel 





Tubesheet 


FIG. 1. Floating head heat exchanger. 


Maximum allowable working pres- 
sure (MAWP). The authors encountered 
shell-side MAWP calculation for an ex- 
changer with a thick (flanged and flued) 
expansion bellow. This expansion bellow 
was designed (separately) using finite 
element analysis (FEA) with shell-side 
design pressure; therefore, the MAWP 
for the expansion bellow is the shell-side 
design pressure. Surprisingly, a higher 
shell-side MAWP obtained from a design 
report generated via a computer program 
was indicated on the drawings and ac- 
cordingly was carried over in the ASME 
forms and equipment nameplate. The 
higher MAWP was based on the design 
of other parts of the shell-side chamber, 
excluding the expansion bellow. 

Note: When a part of a pressure 
chamber (in this example, the bellow) 
is designed using an FEA program, the 
pressure used to design the part becomes 
the MAWP of that part, unless a higher 
MAWP is used in the FEA. This should 
not be missed when evaluating the govern- 
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ing MAWP of the chamber. The MAWP 
of the chamber is the lowest MAWP ofall 
the parts that make up the chamber. Due 
to the complexity of expansion bellow 
calculations, the computer program may 
not be able to model the equipment inclu- 
sive of the expansion bellow to determine 
the shell-side MAWP. When any part of 
an exchanger is designed using an FEA, 
the pressure used in the FEA should be 
considered for MAWP calculation; other- 
wise, a higher pressure may get stamped 
on the nameplate and ASME forms. 

A similar situation may arise for 
tube-side, single-pass, TEMA-type AES 
exchangers that are provided with tube- 
side internal expansion bellows. The bel- 
lows are designed considering shell-side 
and tube-side design conditions sepa- 
rately—it is possible that the internal 
bellows are not verified to shell-side and 
tube-side MAWPs. 


Design of common elements. Regard- 
ing design pressure for common elements, 
such as tubes, tubesheet and floating head 
assembly, when a full vacuum exists on 
the shell-side or tube-side (or both sides), 
vacuum pressure on one side should be 
added to the design pressure of the oppo- 
site side to arrive at the final design pres- 
sure for the applicable side, according to 
UG-21 of the ASME Code.’ 

The authors have encountered many 





heat exchangers in which the floating 
head cover and flange, and tubes were 
designed without considering the full 
vacuum on the shell side. 


Coefficient of thermal expansion 
(TE). The coefficient of thermal ex- 
pansion (TE) is required to verify the 
shell-side differential thermal expansion 
stresses. The TE values in Tables TE-1 
to TE-S of ASME Section II-D‘* provide 
the values of TE coefficients for tempera- 
tures down to 20°C (68°F). 

When evaluating the need for the 
expansion bellow for heat exchangers in 
low-temperature and cryogenic service, 
the TE at the mean metal temperature 
(MMT) of the materials should be used. 
It is obvious that at lower temperatures, 
materials will experience contraction 
rather than expansion. A common un- 
derstanding among code users is to apply 
the proper value of TE from ASME Sec- 
tion II-D (Material Properties) to per- 
form mechanical design. However, TE 
at MMT below 20°C (68°F) is not con- 
tained in ASME Section II-D because the 
Materials Code only provides TE down 
to 20°C (68°F), while for this type of de- 
sign condition it is necessary to use a TE 
value of far below 20°C (68°F). 

If the TE at a sub-zero MMT is un- 
available, other references should be ex- 
plored to source TE at a sub-zero MMT 





x NO EXPANSION 


FIG. 2. Tube-to-tubesheet joint details: welded with light expansion (A) and expanded with 


two grooves (B). 
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to use in the analysis rather than using the 
TE at 20°C (68°F). This critical informa- 
tion is available in ASME B 31.3 (Piping 
Code) or any other reference book. This 
was clarified by ASME Code' in the fol- 
lowing interpretation number 14-1240. 


Standard designation: 

BPV Section VIII Div. 1 

Edition 2010/Addenda 2011 
Paragraph/Figure/Table No.: 
UHX-13 

Subject description: 

Axial differential thermal expansion 
between tubes and shell 

Date issued: 04/08/2015 

Record Number: 14-1240 


Question (1): Are the rules in Part 
UHX valid if the MMT of the shell or 
tubes, or both, are below 20°C (68°F)? 


Reply (1): Yes 


Question (2): In accordance 

with paragraph U-2(g) and the 
Introduction to Subpart 2 Physical 
Properties Tables in Section II, Part 
D, may other sources be used for 
values of TE when the material or 
temperature is not listed in Tables TE 
of Section II, Part D? 


Reply (2): Yes. 


In one project that contained fixed 
tubesheet exchangers in cold service, it 
was observed that the design calculation 
report mentioned a TE value at 20°C 
(68°F), even if the value of MMT was in 
negative single or double digits because 
the computer program referred to ASME 
Section II, Part D database in which the 
lowest temperature for TE is 20°C (68°F), 
and the same was used for developing the 
expansion bellow design. This led to a 
bellow design with an incorrect number 
of bellow convolutions. 


Length of tube expansion for UHX 
calculations. ASME and TEMA codes’” 
specify the tube expansion details with or 
without grooves; however, light expan- 
sion is not mentioned in either of these 
codes. API Standard 660° mentions 
light expansion as one where tube wall 
thinning is < 2%. In many instances, the 
exchanger data sheet specifies strength 
welded tubes to be lightly expanded for a 
tube-to-tubesheet joint (TTSJ). 

The purpose of light expansion is to 
establish metal-to-metal contact between 
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tube and tubesheet. Light expansion of wall thinning of $%—depending on the recommended. This type of inaccuracy 
tubes in tube holes does not, in any ca- material of the tube and tubesheet. Of- _ willlead to a non-performing body flange 
pacity, provide mechanical strength to ten, such expansion is provided with andis likely to jeopardize the exchanger. 
overall TTS] capacity except by 
centering the tubes in the tube 
holes and helping to reduce crev- 
ices (large gaps) between the tube 
hole and the tube outside diam- 
eter (OD). Mock-up tests for such 
a TTSJ do not include expansion 
related parameters (torque, tube 
wall thinning, etc.), and the joint 
is purely qualified considering the 
weld for load carrying capacity. 


While the tube-to-tubesheet joint, girth flange 
and expansion bellow are the most critical 
components in an STHE, often the least attention is 


paid to these parts in the design and review process. 
These components must be specified, designed and 
reviewed thoroughly to avoid loss of integrity. 


ASME Code Part UHX calcu- 
lations for tubesheets require the 
length of tube expansion in the calcula- 
tions to be considered in those equations. 
The description of {tx in nomenclature 
of UHX-S.1 emphasises various factors 
to be considered for expansion length, 
which is clearly shown in this excerpt 
from ASME Code:' 


tx = expanded length of tube in 
tubesheet (0 < £tx < h) [see Figure 
UHX-11.3-1, sketch (b)]. An 
expanded tube-to-tubesheet joint 
is produced by applying pressure 
inside the tube such that contact is 
established between the tube and 
tubesheet. In selecting an appropriate 
value of expanded length, the 
designer shall consider the degree 
of initial expansion, differences in 
thermal expansion, or other factors 
that could result in loosening of the 
tubes within the tubesheet. 


If the length of light expansion is con- 
sidered in the strength calculation of the 
tubesheet, the tubesheet calculation will 
provide significantly reduced required 
thickness, as the equations are written so 
that the expansion length will add to the 
strength of the tubesheet; however, the 
equations do not differentiate between 
light and heavy expansion and only 
heavy expansion will aid in strengthen- 
ing the TTS]. 

The industry uses different termi- 
nology for expansion, one being light 
expansion, or light-rolled and expanded 
with or without groves. Light expan- 
sion is considered when tube thinning is 
1%-3%; mechanically, this aids the tube 
OD to contact the tubesheet hole inside 
diameter (ID). 

Conversely, tube expansion carried 
out for strength purpose has a minimum 


grooves in the tubesheet where tube 
material will flow during the expansion 
process. It is the engineer’s choice to take 
advantage of tube expansion in the tube 
hole. As discussed earlier, light expan- 
sion does not contribute to the TTSJ 
capacity. If the TTSJ is lightly expanded 
tubes, the expansion length of the tubes 
should not be considered in the calcula- 
tions (as its effect towards strengthening 
the tubesheet will be nearly “zero”). FIG. 2 
shows different types of commonly used 
tube-to-tubesheet joints in the industry. 
The authors noted tubesheet calcula- 
tions that were using the lightly expanded 
length of tubes in the equations and ar- 
riving at thinner tubesheets to save mate- 
rial thickness and cost, jeopardizing the 
strength and long-term reliability of the 
TTSJ. In those examples, the tubesheets 
were calculated 20 mm thinner than 
the actual required thickness computed 
without considering the lightly expanded 
length of tubes in the calculations. 


Incorrect flange finish. Kammprofile, 
camprofile or “grooved” gaskets are made 
of a grooved, solid metal core with soft 
coating of suitable non-metallic sealing 
layer(s) [graphite, polytetrafluoroeth- 
ylene (PTFE), etc.] on each side. Ac- 
cording to API Standard 660, the gasket 
contact surface required for a kammpro- 
file gasket is 125 micro-in.-250 micro- 
in. However, the authors noted that for 
some heat exchangers, a 63 micro-in. sur- 
face roughness finish was used for gasket 
faces. A flange gasket surface roughness 
of 63 micro-in. is appropriate for solid 
metal gaskets, while a kammprofile gas- 
ket uses solid metal (core) but has a soft 
covering on the top and bottom faces; 
therefore, a higher surface roughness is 
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Incorrect gasket factor “m” and 
seating stress “Y” for a kammprofile 
gasket. The value of “m” and “Y” for a 
kammprofile gasket varies from manu- 
facturer to manufacturer. To perform the 
mechanical design of a girth flange using a 
kammprofile gasket, the correct gasket fac- 
tor “m” and seating stress “Y” values must 
be obtained from the manufacturer to en- 
sure the production gasket specifications 
match the values used in the design of the 
girth flange for production. In one case, 
the mechanical design of a girth flange 
with a kammprofile gasket was performed 
using “m” and “Y” values from internet 
sources; when the actual gasket manu- 
facturer’s certificate was received, the “m” 
and “Y” values were larger compared to 
those used in the design and construction 
of the girth flange. The larger “m” and “Y” 
values per the gasket manufacturer’s cer- 
tificate overstressed the flange, causing 
the already-manufactured girth flange to 


fail ASME Code requirements. 


Shell-side vent and drain nozzle for 
vertical fixed tubesheet heat ex- 
changer. All chambers of shell-and-tube 
heat exchangers should be capable of be- 
ing vented and drained independent of 
process piping. A fixed tubesheet heat ex- 
changer is often provided with vent and 
drain connections. For a horizontal ex- 
changer, there are many location choices 
for the vent and drain nozzles; however, 
for a vertical fixed tubesheet exchanger— 
if provided on the shell—there is always 
some dead space left out without com- 
plete venting and draining. The preferred 
method is to provide vent and drain on 
the tubesheet rather than on the shell: 
this allows complete venting and draining 
of shell-side fluid. Tubesheets are drilled 
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vertically through half of the thickness 
and then further drilled horizontally to 
vent or drain out to the atmosphere, as 
shown in FIG. 3; and a similar arrange- 
ment can be applied to drain nozzle. 


Lack of baffle support (to the tube- 
bundle) due to a flanged and flued 
expansion joint. A flanged and flued 
expansion joint is typically provided with 
an internal sleeve to assist the shell-side 
flow; however, a sleeve may not be nec- 
essary in a vertical exchanger. An internal 
sleeve is necessary for process reasons to 
minimize the frictional losses or pressure 
drop and ensure smooth shell-side flow. 
For horizontal exchangers with a 





FIG. 3. Vent and/or drain nozzle arrangement 
for vertical heat exchanger. 





Sleeve : 
Expansion 


aa bellow 


Baffle 


A (Acceptable) 


Baffle 


UU 


C (Not acceptable) 


flanged and flued joint, an internal sleeve 
is purposely required for mechanical rea- 
sons and to support the baffle (as well as 
prevent the tube bundle from sagging) 
because a possibility exists that one or 
two baffles will most likely be located 
along the length of the expansion joint 
where a portion of cylindrical shell will 
be unavailable due to placement of the 
expansion joint. Without a sleeve or lin- 
er, a baffle (or baffles) that falls within the 
ends of the flanged and flued joint will 
lack shell support. The sleeve acts as the 
shell and provides mechanical support to 
the tube bundle to resist gravity. 

Without the sleeve, maldistribution 
of shell-side flow, resonant vibrations or 
sagging of the tube bundle—or all these 
combined—can ultimately cause the ex- 
changer to fail. The authors encountered 
some horizontal exchangers with flanged 
and flued expansion joints in which inter- 
nal sleeves were not provided. 

Consider FIG. 4C: a sleeve is still re- 
quired where baffles are clearing the ex- 
pansion joint, which is not designed to 
share part of the bundle weight (acting 
as a point load). For the situation shown 
in FIG. 4B, a sleeve is necessary to provide 
baffle support. Providing a sleeve will 
also give more flexibility with respect to 


Expansion 


Baffle bellow 










UYU 
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Expansion 
bellow 


FIG. 4. Acceptable construction of expansion bellow (A) and unacceptable construction (B and C). 
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baffle location. FIG. 4A illustrates an ac- 
ceptable construction. 

Design review experience is acquired 
by continuous practice and improvement, 
and the authors believe that the feedback 
of uncommon lessons is helpful. 


Part 2 of this article will appear in the 
May issue. FP 
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Uncommon lessons: Shell-and-tube 
heat exchangers—Part 2 


Shell-and-tube heat —_ exchangers 
(STHEs) are the most common heat 
transfer process equipment in all types 
of industrial plants. Due to the variety of 
available construction options, an STHE 
can be suitably designed for most pro- 
cesses and design conditions and can be 
constructed from different materials or 
combination of materials. 

Part 1 of this article (published in 
the April 2022 issue) began the focus 
on specific types of lessons and design 
limitations that none of the commer- 
cial design programs (software, Excel 
spreadsheets, etc.) will identify with 
their “help” menus or warnings. Merely 
checking drawings with respect to de- 
sign calculations is insufficient to ensure 
thorough compliance and reliable prod- 
uct design that will operate (thermally 
and mechanically) as intended. 

The authors’ purpose is to shed light 
on those uncommon but valuable les- 
sons that are not discussed in reference 
manuals or design guides. These lessons 
will be helpful in engineering and design 
activities. 


Sleeve welded to the inner torus of 
an expansion bellow. An expansion 
bellow is a flexible element and the knuck- 
led (torus) section of the bellow isa highly 
stressed region. The torus sections of the 
expansion bellow are responsible for the 
flexible behavior of the joint in service. 
The welding of clips (like the liner 
or sleeve) on the torus section should 
be avoided because it increases the ef- 
fective stiffness of the expansion bellow. 
With stiffeners attached to the knuckled 
sections, the joint requires more bending 
force or longitudinal movement to flex 


the bellow—this may not exist based on 
the estimated differential thermal expan- 
sion—and this can result in overstressing 
the tube-to-tubesheet joint. 

In earlier ASME Code! editions (be- 
fore 2015), no explicit guidance was avail- 
able on whether it was possible to weld 
sleeves on the torus regions, or, if it was 
possible, what the maximum sleeve thick- 
ness was that could be welded. A query 
was submitted to the code, and it now has 
incorporated guidance on the maximum 
thickness of the sleeve that may be welded 
on the annular portions of the bellows. 

Exchangers constructed prior to 2015 
were provided with internal sleeve con- 
struction based on the vendor’s engineer- 
ing experience and/or judgement, as no 
guidelines were available in the applica- 
ble ASME Code editions. 

The authors encountered sleeve con- 
structions (as shown in FIG. 5A) for an 
exchanger designed and constructed per 
the 2015 edition of the ASME Code! in 





which no requirements for sleeve provi- 
sions were specified. As the thickness 
of the sleeve was not limited by Code, 
sleeves were provided without consider- 
ing the impact of welding these sleeves on 
the performance of the bellows. 

In the 2017 edition of the ASME 
Code, a paragraph was introduced that 
permitted welding the sleeve to the bel- 
low, if required, with specific thickness 
limitations. In many cases, the thickness 
limitation per the ASME Code may be 
difficult to meet for practical reasons. For 
such situations, an alternate arrangement 
is used by introducing a transition piece 
that eliminates welding of the sleeve to 
the expansion joint, as shown in FIG. 5B. 


Impingement rods. As per API Stan- 
dard 660°, impingement rods should be 
supported on both ends and not attached 
to the tubesheet by welding alone. For 
proper strength, the impingement rods 
must be primarily tapped inside the 


Sleeve 


Welded to 
transition piece 


-_~ 





FIG. 5. Arrangement of a sleeve for an expansion bellow. 
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tubesheet thickness—this is more rigid 
compared to tack welding impingement 
rods on the back face of the tubesheet. 
The authors have encountered heat ex- 
changers in which impingement rods 
were fillet- or tack-welded; due to a lack 
of accessibility, the welder may have 
been unable to deposit a continuous fil- 
let weld. This quality deficiency caused 
the impingement rods to get dislodged/ 
separated from their attachment welds 
during service. The separation of im- 
pingement rods resulted in oscillating 
deflection of the rods, which kept strik- 
ing the tubes underneath, ultimately 
causing failure of the tubes. 


Tapped hole Tack weld 


A 


The operating company using this type 
of exchanger in the plant detected tube 
leakage that led to the contamination of 
the shell-side fluid due to leakage of tube- 
side fluid into the shell-side stream. The 
exchangers required an urgent offline re- 
pair that forced an unscheduled shutdown. 

The API standard provides narrative 
guidance on how the impingement rods 
should be installed. The arrangements 
shown in FIG. 6 may be interpreted as 
meeting API narrative guidelines. 


Bundle retainer not provided for 
kettle-type heat exchangers. TEMA? 
Paragraph RCB-4.9 provides non-manda- 
Tack weld 


Imp rod end Tack weld 


inserted in blind hole 






FIG. 6. Fixing arrangement for an impingement rod. 
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FIG. 7. Hub radius detail. 
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tory requirements for a bundle retaining 
arrangement and permits other arrange- 
ments that serve a similar purpose. The 
authors observed that the bundle retain- 
ing or equivalent device was not shown in 
the detailed fabrication drawings of some 
kettle-type heat exchangers. 

It was also determined that the re- 
quirements of the bundle retainer were 
not specified in the fabricator’s scope by 
the purchase order. Excluding the bun- 
dle retainer on such types of exchangers 
may cause shifting (dislocation) of the 
bundle from its correct position dur- 
ing transportation or unexpected plant 
operation conditions. 

The bundle retainer is an essential 
device for alignment and hold-down 
purposes of the bundle for kettle-type 
exchangers. According to TEMA’, it is 
recommended that a bundle retainer 
or equivalent device be provided at the 
last baffle over the u-bend. The retainer 
helps the alignment of the bundle along 
the shell and acts as a hold-down device 
for the bundle because there is significant 
room for bundle misalignment or move- 
ment in the kettle-type shell. 


Using a Class 2 forged tubesheet 
with hub for low-alloy steel ex- 
changers. This unique design lesson 
could have significant cost and schedule 
impacts if it is uncovered during fabrica- 
tion. In a few exchangers from low-alloy 
steel materials, the authors noticed the 
hub of the low-alloy steel (LAS) forged 
tubesheet was given the same thickness 
as the adjoining low-alloy steel cylindri- 
cal shell to which it was butt-welded. 
This issue is particularly found in LAS 
heat exchangers where the shell material 


TABLE 3. Section Ill, Classes 2 and 3;* Section VIII, Div. 1 and 2;** and Section XII maximum allowable stress values (S) 





ike) oXe)balavemantlaclat-lky 


Line Spec. Alloy designation/ —_Class/condition/ 

number Nominalcomposition Product form number Type/grade UNS number temperature Size/thickness, mm 
Ferrous materials 

] Carbon stee Bolting SA-307 A - - 6<t<100 

2 Carbon stee Bolting - B - - - 

3 Carbon stee Bolting SA-449 ] K04200 - 38<t<75 

4 Carbon stee Bolting SA-325 - - = - 

5 Carbon stee Bolting SA-325 ] KO2706 - 32<t<38 

6 Carbon stee Bolting SA-449 ] K04200 - 25<t<38 

7 Carbon stee Bolting SA-354 BC KO4100 = 64 <t<100 





*See maximum temperature limits for restrictions on class 
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*“Use with Part 4.16 of Section VIII, Div. 2 


is SA-387-11-2 plate and the tubesheet is 
integrally welded to the shell. The cor- 
responding tubesheet forging normally 
adopted is from SA-336-11-2, and the 
tubesheet is provided with a hub for 
welding with the shell from SA-387-11-2. 
The tubesheet hub thickness was inad- 
vertently maintained the same as the 
shell thickness without realizing that the 
allowable stresses of LAS Class 2 forging 
are lower than that of LAS Class 2 plate. 
For such constructions, the tubesheet 
forging should be from SA-336-11-3 
(Class 3), which will match the allowable 
stresses of the LAS Class 2 plate; the hub 
can be from the same thickness as the 
shell. FIG. 7A shows the tubesheet hub-to- 
shell attachment detail when both thick- 
nesses are equal (the hub material allow- 
able stress is equal to the shell material 
allowable stress), while FIG. 7B shows the 
attachment detail when the hub (material 
with a lower allowable stress) is welded 
to the shell (material with higher allow- 
able stress compared to the hub). 

This will be difficult to correct (or 
weld repair) once the tubesheet hub is 


machined out and it is determined that 
the Class 2 forged hub thickness is main- 
tained the same as the cylindrical shell 
thickness from a Class 2 plate. 


Limitations about pressure vessel 
bolting diameters. Pressure bolting 
materials for ASME pressure vessel ap- 
plications are limited by the diameters 
of bolt material specifications listed in 
the “Allowable Stress Table 3” of Section 
II-Part D. Whenever bolt specifications 
from ASME Section II-Part A or Part B 
are used for pressure vessel application, 
only those diameters of the material 
specifications that are listed in Table 3 of 
Section II-Part D* should be used. 

The authors encountered a heat ex- 
changer in which the body flange used a 
2.75-in. diameter SA-320-L7 as pressure 
bolting. ASME Code Section I-A may list 
mechanical properties and chemical com- 
position ofa bolt specification for a diam- 
eter that may be outside the size range 
listed in ASME Section I-D Table 3; this 
does not mean that such a bolt diameter 
and specification are permitted for use in 
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pressure vessel applications. 

Even if ASME Code Section II-A per- 
mits a 2.75-in. diameter SA-320-L7 bolt 
for manufacture, allowable stresses for 
SA-320-L7 bolts are only provided up 
to 2.S-in. diameter maximum in the Al- 
lowable Stress Table 3 of Section II-D*. 
Therefore, 2.75-in. diameter SA-320-L7 
bolts are not permitted for pressure ves- 
sel applications. 

For any bolt material, the size/thick- 
ness column should be used as a reference 
for diameter limitations of bolts. Refer to 
the extreme right column in TABLE 3, an ex- 
tract from Table 3 of ASME Section II-D*. 


SA-456-660 bolts are required to 
be impact tested at minimum de- 
sign metal temperature (MDMT) of 
=< 20°C. SA-456-660 A or B bolts are 
used as pressure bolting on high-alloy 
body flange joints at high temperatures 
[> 650°F (> 343°C)], particularly under 
high design pressure (> 50 barg). The 
advantage of Alloy 660 is that there is no 
diameter restriction in Section II-D, and 
the allowable stresses are steady up to 
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1,000°F (538°C) for Div. 1 applications. 
These bolts are also used on high-alloy 
floating heads as corrosion resistant alloy 
bolts because they can remain fully sub- 
merged in—or exposed to—shell-side 
corrosive fluid. Most other high-alloy 
bolting material options have low allow- 
able stresses and/or diameter limitations 
for pressure vessel applications. 

SA-453 is a precipitation-hardened 
austenitic stainless steel. The precipi- 
tation hardening process involves the 
strengthening of the high alloy by spe- 
cific thermal treatment. Since these bolts 
are thermally heat treated, they are re- 
quired to be impact-tested quality if the 
MDMT is < 20°C per UHA-S1 of ASME 
Code Section VIII-1. While the impact 
testing requirement is clearly specified 
for SA-453-660 bolts in Div. 2, it is not so 
explicitly stated in Div. 1. 

The authors noticed SA-453 bolting 
used for heat exchanger body flanges 
without being specified for impact test- 
ing. Considering these exchangers were 
designed under Div.1, the impact testing 
requirement was missed. The authors 
believe that the manufacturer considered 
SA-453 bolts as austenitic stainless alloy 
bolts and interpreted that they are ex- 
empt from impact testing under the same 
paragraph UHA-S1 of Section VIII-1. 
The code paragraphs would be helpful to 
identify impact testing requirements, as 
applicable, if SA-453 are viewed as “ther- 
mally heat treated” austenitic stainless 
steels, which they are. 

The following response was received 
from the code committee on the authors’ 
inquiry #15-2817: 


Standard designation: 

BPV Section VIII Div. 1 
Edition/addenda: 2013 Ed. 
Paragraph/figure/table number: 
UHA-S1(c) 

Subject description: 

Section VIII, Div. 1; UHA-51(c)— 
Thermal treatments for material 
Date issued: 05/26/2016 
Record number: 15-2817 
Interpretation number: 

BPV VIII-1-16-45 


Question(s) and Reply(ies): 
Question: Do the thermal treatments 
listed in UHA-51(c) include thermal 
treatments performed by the mate- 
rial supplier during the manufacture 
of the material in addition to thermal 
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treatments performed during the 
manufacture of the vessel? 


Reply: Yes 


Slot length in sliding saddle insuffi- 
cient for possible thermal expansion. 
Horizontal vessels and heat exchangers 
are provided with saddle supports per 
engineering specifications, which are 
often part of applicable purchase order 
documents. If the supported vessel is ab- 
normally long and/or the exchanger oper- 
ates at elevated temperature and has low 
environmental MDMT, the slot length in- 
dicated for the sliding saddle in the engi- 
neering specification may be insufficient 
for the full range of thermal expansion. 
The authors observed exchangers in 
which the slot length provision on the 
sliding saddle was insufficient for the an- 
ticipated thermal movement of the sliding 
saddle based on the operating temperature 
range. The engineering specification was 
used to specify the slot length in the slid- 
ing saddle base plate, and it was not veri- 
fied if the standard slot length would be 
adequate to cover full thermal movement. 
An insufficient slot for the sliding saddle 
can lead to its restricted movement during 
thermal growth of the shell, for which the 
exchanger saddle/shell is not designed. 


Takeaway. Numerous design reviews of 
equipment data were performed in the 
authors’ routine engineering tasks; often, 
such reviews are performed hastily. A pro- 
nounced shortage of quality time for re- 
views always exists because the documents 
are pushed out promptly under the pretext 
that checking for design adequacy is some- 
one else’s responsibility, or not enough 
hours are allocated for thorough review. 
On the other end, an equipment de- 
sign that meets the code as well as relevant 
and accepted good engineering practices 
(RAGAGEPs) is the goal for equipment 
supply so it will perform as expected 
throughoutits design life, and even beyond. 
A thorough independent review plays a 
key role in achieving this tall order; a cur- 
sory review will not help achieve this goal. 
The objective for engineers and reviewers 
should be to leave no stone unturned dur- 
ing reviews to achieve the required result, 
regardless of the time it takes to provide 
the optimum engineering services—there 
is no substitute for quality. Proper design 
review experience is acquired by continu- 





ous practice and improvement, and the au- 
thors feel that the feedback of uncommon 
lessons will be helpful. FP 
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